Since the completion of the human genome project, there has been a huge effort in establishing maps of genetic markers, especially of the most abundant source of DNA variation, the single nucleotide polymorphism (SNP). A subsequent major quest is to identify the variation in the human genome causally involved in the genetic etiology of complex diseases and traits in concordance with environmental influences such as nutrition. Genetic research of complex traits (diseases, risk factors and intermediate phenotypes) requires large well-characterised study populations of patients and healthy subjects. The aim is to identify at which loci genetic similarity of study subjects corresponds to phenotypic similarity. Genetic similarity can be measured at different genotyping platforms that have different specificities and an ever increasing throughput of genotypes. Studies to explore which genes are involved in a trait include essentially two major approaches. In the hypothesis based approaches the involvement of candidate genes and pathways is being investigated by testing for genetic association in order to find significant frequency differences of marker alleles in cases and controls. Alternatively, explorative approaches are applied which include genome-wide scans that first localize the gene(s) and subsequently identify the causal genetic variation at that locus. Genome-wide scans can be performed by genetic association analysis or by linkage analysis in related subjects from selected families (Fig. 1) .
A decade of family-and twin-based linkage studies has revealed the approximate location of numerous traits and disease conditions [7, 2] . Regions of potential linkage could be replicated only in some studies, however [1] . Ample patient and population based studies revealed associations of disease related phenotypes to patterns of SNPs marking regions of linkage disequilibrium that harbor the causal effects. In only a few studies, however, could the complex phenotype be assigned to the influence of common [11] or rare [6] functional gene variants. The genome-wide association scan (300,000-500,000 SNPs per subject) is currently the most complete assessment of genetic background that is still feasible in population studies [12, 13] . Such scans will identify common variants contributing to a trait but the effect of rare variants will be missed. In addition, the approach needs large sample sizes and various steps of replication to find true positive results because of the huge number of statistical tests that are being performed. Clearly, the hypothesis and explorative approaches in genetic studies each have their limitations.
Demonstrating replication of findings in genetic studies of complex traits has been difficult for a number of reasons [1] of which the (small) sample size of studies is the most frequent item of concern. In addition replication depends on the phenotype definition, patient registries, the size and heterogeneity of the genetic component. Improvement of this situation may be expected by the identification of functionally relevant SNPs in coding and regulatory sequences, by studying larger or joint cohorts, by metaanalyses, combined linkage association studies, improved molecular phenotyping [10] , measuring environmental conditions and improving the statistical analysis tools. The analysis of gene-gene and gene-environment interactions in sufficiently large studies of extensively genotyped subjects is vital to an understanding of a complex trait [13] .
Study example
In our studies we have integrated, for a number of research lines, the genetic and molecular profiling on well-phenotype hospital-based, twin and population-based cohorts. Genome-wide scans and candidate gene studies are performed simultaneously using various genotyping platforms each with their own range of optimal output. The phenotypes of subjects in these studies include clinical diagnosis, endpoints of disease, disease progression, intermediate phenotypes and advanced biomarker measurements. We will illustrate how candidate pathway and whole genome analyses can be integrated into the study designs we apply to human longevity and healthy ageing.
Although it is widely accepted that the major focus of genetic research into human health is by studying diseased subjects, extremely long-living subjects may be equally relevant. The delayed occurrence of disease and death from disease by the combined influences of genetic and lifestyle factors in long-living subjects may point at mechanisms beneficially influencing the ageing process and pathophysiology of major diseases. In the Leiden Longevity Study we have collected 430 nonagenarian siblings (93 years on average) enriched for familial influences on longevity [14] since their parents, siblings and children live longer than their birth cohort. In the sibling pairs we perform a genome-wide linkage scan to detect major longevity loci. To detect common variants with smaller effects we perform a genome-wide association scan comparing nonagenarian siblings and controls: the partners of the children of the siblings (60 years on average). The first genome-wide scan for this phenotype revealed positive linkage on chromosome 4 and a candidate gene in the linkage area that associated to longevity [8] . In the Leiden Longevity Study, however, the linkage could not be replicated and a meta-analysis of the candidate longevity gene showed that it had been a false positive association [4] .
Prominent phenotypes in human ageing research are disease-related parameters or the age at death of study subjects. Currently, the field is lacking biomarkers or intermediate phenotypes that can be used in genetic studies. Biomarkers would be parameters that provide inside into the biological age of subjects and their risk of dying rather than the chronological age. The design of the Leiden Longevity Study allows for the investigation of potential biomarkers of ageing and for a combined analysis of genetics and biomarkers. A whole spectrum of potential biomarkers is being investigated in the Leiden Longevity Study including cytokine profiles, NMR and mass spectrometry profiles of serum proteins and urinary metabolites, gene expression profiles, DNA methylation patterns and telomere shortening. In addition data on nutrition and lifestyle are collected. The first example of a potential biomarker of ageing is the low density lipoprotein (LDL) particle size in serum. We and others found that exceptionally old individuals have a remarkable lower number of small LDL particles [9, 3] . Small LDL particles are considered to be atherogenic [5] . Evidence from animal studies and trials support the importance of LDL size and also that these particles reflect metabolic rate. The beneficial lipoprotein particle profile observed in the nonagenarian siblings is already present among their middle aged children as compared to partners of the children, of which a propensity to become long-lived is expected. Studies investigating whether and how these profiles protect from disease in middle age (the childrens' generation) may provide clues for the underlying biological mechanism.
In summary, genetic research of complex traits requires the inclusion of multiple study populations and designs, the complementary analysis strategies of linkage, association and DNA sequencing and the complementary knowledge of the biology of humans and animal models. In most of these studies the influence of environmental factors such as lifestyle and nutrition is hardly investigated. Such data would enable a more sophisticated analysis of the gene by environment interactions.
